Introduction {#S0001}
============

While the incidence of ﻿central retinal artery occlusion (CRAO) is 8.5 per 100,000[@CIT0001] of the population, incidence of CRAO after nonocular procedures has been reported to be 0.013%.[@CIT0002] Although there have been a few case reports discussing CRAO after ear, nose, throat (ENT) procedures, the occurrence is even rarer and several mechanisms have been proposed for such an event to occur.[@CIT0003],[@CIT0004] Documentation and a thorough ophthalmic evaluation at the initial presentation is critical in determining pathophysiology of the event. Several authors have emphasized a critical time window during which emergent management may salvage useful vision in the eye.[@CIT0005] There exist no clear-cut guidelines for treatment of CRAO however several treatment options have been proposed.[@CIT0006] The use of hyperbaric oxygen therapy (HBOT) has been evaluated by some, with successful outcomes.[@CIT0007]--[@CIT0016] There have been no case reports where such a modality was tried after 72 hours of onset in a young patient with CRAO secondary to nasosinal surgery.

Herein we report a case of CRAO in an otherwise healthy young male who developed CRAO following an ENT procedure with possible improvement after HBOT treatment.

Case Report {#S0002}
===========

Written informed consent has been provided by the patient to have the case details and any accompanying images published. Institutional approval was not required to publish the case details. A 25 year old healthy Caucasian male with a history of nasal obstruction and chronic sinusitis underwent septoplasty, bilateral inferior turbinate reduction and balloon sinuplasty. Immediately after waking up from general anesthesia, he noticed a painless loss of vision in the left eye. He described seeing through a small hole of vision and his vision otherwise subjectively appeared black and white. He denied any ocular pain on eye movements in either direction. An ophthalmic evaluation was done at an outside facility under emergency settings and a diagnosis of a left CRAO was established. A review of systems was uneventful. An embolic workup and cardiac evaluation were negative. A CT scan was unremarkable. CT angiogram, MRI orbit/face showed no evidence of lamina cribrosa perforation, sinus wall damage, or vascular stenosis. He was started on oral aspirin 81 mg and steroids on the day of the event after consultation with neurology along with topical brimonidine (0.2%) eye drops to reduce intraocular pressure in the left eye. CT angiogram of the neck showed a hypoplastic right vertebral artery.

Three days later, he was seen at our facility. Clinical evaluation consisted of ocular examinations and appropriate ocular investigations. His visual acuity in the right eye was 20/20 and counting fingers at six feet in the left eye. There was relative afferent pupillary defect in the left eye. Slit lamp evaluation confirmed normal anterior segment in both eyes. Intraocular pressure (IOP) on applanation was 15 and 11 mmHg in right and left eye respectively. Fundus examination in right eye showed clear vitreous cavity, healthy appearing nerve and macula with attached retina. Fundus examination of the left eye showed attenuation of small arterioles at the posterior pole with cherry red spot ([Figure 1A](#F0001){ref-type="fig"} and [B](#F0001){ref-type="fig"}). Spectral domain optical coherence tomography (SD-OCT) evaluation showed parafoveal inner/middle retinal hyperreflectivity suggestive of inner retinal edema ([Figure 2A](#F0002){ref-type="fig"}). A fundus fluorescein angiogram (FFA) revealed delayed transits (\~16 seconds) in the left eye with multiple fat emboli ([Figure 3A](#F0003){ref-type="fig"}, blue arrows) and irregular foveal hypofluorescence due to inner retinal edema in macular region. Though there was profound loss of vision still visual fields were attempted. A Humphrey visual field (HVF, 24-2 threshold test) in the left eye showed VFI of 1% with severe depression of field ([Figure 4A](#F0004){ref-type="fig"}). A full-field electroretinogram (ERG) showed increased latency with decrease in b-wave amplitude. A multicontrast visual evoked potential (VEP) showed profound reduction in amplitude and unidentifiable P100 waveform. Although the patient was more than 72 h out from the time of insult, an anterior segment tap was performed the same day to lower intraocular pressure further in an effort to dislodge the embolus. Before the procedure the patient was told that there may not be any increase in vision. The patient was advised to consider HBOT, which he agreed to. HBOT was started on the fourth day after the event. The patient was given 1.5 ATA, 100% oxygen, two 60 min sessions per day separated by four hours at an outside heathy facility. Ten treatments were administered. After 10 cycles, treatment was increased to 1.75 ATA, 100% oxygen, two 60 min sessions per day, and up to 10 treatments given. All treatment was administered via a Sechrist 3200R hyperbaric chamber (manufactured by Sechrist industries, Inc., USA). The patient underwent a total of 20 cycles of HBOT and stated there was subjective increase in vision and visual field with sequential HBOT cycles. Treatment were discontinued once subject stated that there was no improvement. It was unclear if the patient had trauma to the orbital wall or directly to the optic nerve during surgery or because fat emboli. As fat embolism is not amenable to tissue plasminogen activator therapy (tPA), he did not receive treatment with tPA.Figure 1(**A**) Wide field fundus photography of the right eye, showing normal appearing retina and optic nerve. (**B**) Fundus photograph of the left eye showing cherry red spot in left eye with attached retina.Figure 2(**A**) Spectral domain optical coherence tomography (SD-OCT) of left eye showing macular thickening due to edema of inner retinal layers. (**B**) SD-OCT image of the subject's left eye after three weeks of onset of central retinal artery occlusion, before HBOT was given, showing resolution of the macular edema and thinning of inner retinal layers.Figure 3(**A**) Fundus fluorescein angiography (FFA) image of the subject's left eye showing macular ischemia and multiple fat emboli (blue arrows). (**B**) An FFA picture of the subject's left eye showing resolution of the emboli with establishment of re-circulation.Figure 4(**A**) Humphrey visual field (HVF, threshold 24--2) of the left eye three days after central retinal artery occlusion showing generalized loss of sensitivity. (**B**) HVF 24--2 of the left eye three weeks after completion of hyperbaric oxygen therapy showing gain of temporal field and expansion of field inferior to disc.**Abbreviations:** POS, ﻿positive; NEG, ﻿negative; GHT, ﻿glaucoma ﻿hemifield ﻿test; VFI, ﻿visual field index; PD, ﻿pattern ﻿deviation; PSD, ﻿pattern standard deviation.

At a subsequent evaluation done after three weeks completion of hyperbaric treatment, the patient stated subjective increase in vision and visual fields. On clinical examination his visual acuity was 20/20 in the right eye and 20/250 (through temporal island of vision) in right and left eye respectively. A fundus evaluation was similar in the right eye and in the left eye there was dull foveal reflex, with dissolution of small emboli which was noted on initial presentation. SD-OCT showed retinal thinning due to loss of inner retinal layers ([Figure 2B](#F0002){ref-type="fig"}). FFA showed normal vasculature and the emboli were not seen ([Figure 3B](#F0003){ref-type="fig"}). A 24-2 HVF showed VFI of 2% with persistent severely depressed fields, however there was small gain of temporal island of vision (noted on grey scale of HVF; [Figure 4B](#F0004){ref-type="fig"}). ERG and VEP also showed improvement. Gradually over the course of regular followup over one year the patient maintained visual acuity and field of vision.

Discussion {#S0003}
==========

Central ﻿retinal artery occlusion by fat embolism has been previously reported after endoscopic sinus surgery, septoplasty and other ENT procedures[@CIT0003],[@CIT0004] as an extremely rare complication. Mechanism of CRAO occurring after ENT procedures is not fully understood. It could be due to trauma to the orbital wall or directly to the optic nerve or because of fat emboli.[@CIT0003],[@CIT0004] It is also proposed that injection of local anesthetics in combination of adrenalin injected during the ENT procedure can lead to occlusion of retinal vessels.

Inner retinal infarction occurs within 90--240 min of CRAO, retinal ganglion cells undergo infarction within 12--15 min.[@CIT0005] There is no generally accepted guidelines for CRAO treatment, so the treatment options may vary, also none of the current treatment options have been proven to be effective. Various modalities have been described for the treatment of CRAO such as pentoxifylline, inhalation of carbogen, sublingual isosorbide dinitrate, ocular massage with three mirror contact lens, acetazolamide, mannitol, methylprednisolone, tissue plasminogen activator, surgical modalities like anterior chamber paracentesis, neodymium:yttrium-aluminium-garnet laser, pars plana vitrectomy with removal of the embolus amongst others.[@CIT0006]

Use of HBOT has been proposed for the treatment of the same and is thought to work by increasing oxygen delivery to the hypoxic tissues through choroidal circulation thereby preserving ischemic tissue affected by retinal artery occlusion.[@CIT0007],[@CIT0008] Various authors have given different timelines for the treatment of the same.[@CIT0009]--[@CIT0012] Some authors have reported successful treatment of CRAO with this modality.[@CIT0012]--[@CIT0015] For any treatment to be effective, it has to be delivered within this recommended time frame---the window of opportunity for emergent treatment after CRAO or ischemic penumbra, even though earlier administration may be associated with better outcomes. Although there has been a retrospective case series stating that HBOT is an effective modality of treatment for CRAO using fundus changes as a marker for irreversible damage and not time lapse since the event,[@CIT0016] most authors are in agreement that such cases should be treated within the critical time period.

Our patient had developed CRAO following ENT procedures. Fundus pictures ([Figure 1A](#F0001){ref-type="fig"} and [B](#F0001){ref-type="fig"}) obtained initially shows a cherry red spot in the left eye (compared to the right eye it is redder) and was evident on clinical examination. SD-OCT and FFA obtained three days after initial insult confirmed the diagnosis. There were multiple emboli in retinal artery in macular area. So, it could be due to fat emboli secondary to ENT procedure resulting in CRAO. When the patient presented to our clinic, he was out of the critical time period, still considering the age of patient and visible emboli, we went ahead with paracentesis and HBOT. Though our patient did not develop any side effects with use of HBOT, it is not a risk-free procedure.[@CIT0017] The most common side effect is middle ear barotrauma. There are reports of paranasal sinus barotrauma, pulmonary barotrauma, pulmonary edema and others. Oxygen toxicity is rare and usually encountered as a CNS oxygen toxicity seizure. The side effects are usually self-limiting and can be avoided with adequate screening.[@CIT0017]

The patient noted subjective increase in visual acuity and visual field after HBOT. It could be argued that it was because of the natural course of the disease. However, we consider that it was possibly due to the use of HBOT. Nevertheless, it is open for discussion. To the best of our knowledge this is the first case of improvement of vision following HBOT in an otherwise healthy young patient CRVO following ENT procedure. Although the exact mechanism of CRAO in this case cannot be pinpointed, perhaps aggressive multimodal intervention including HBOT can be beneficial in such cases. There are some limitations, we agree that assessment of visual field with microperimetry would have been a better test instead of 24-2, but that was not available and patient refused to go other facilities to get that test done. It is a case report, a larger study may help determine the true applicability of HBOT in patients presenting after 24 hours from the onset of CRAO.

In conclusion, this case report emphasizes the importance of hyperbaric oxygen in the treatment of selected cases with CRAO.
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